Background: We report the first formal records and population recovery of wild Burmese pythons (Python molurus bivittatus) in the Kinmen islands, which are located 2.1 km from the Chinese coastline and are under military control of the Taiwanese government. During the Cold War period, bombardments by China destroyed most of the buildings and vegetation on the island, possibly extirpating the python population. In recent years, political tensions have subsided, and 95% of the military forces have been withdrawn from the islands, allowing pythons and other wildlife populations to recover 40 years after being extirpated. Increased python predation on small livestock has recently become a nuisance to farmers, villagers, and aboriginal people, who are unaware of old python records from the island and therefore regard them as invasive pests. Results: In order to clarify the origin of this python population, mitochondrial cytochrome b and COI genes were sequenced from 33 pythons from Kinmen, Fuzhou Zoo (China) and pet traders (Vietnam). Molecular phylogeny and haplotype networks showed a close relationship between Kinmen and Chinese populations, rejecting the speculation from local people that pythons were introduced from Southeast Asia. Population expansion of the python in recent years might be relevant to the retreat of the army, illustrating a novel case of demilitarized zone protecting wildlife. Conclusions: Since Kinmen Island has a similar latitude and climatic factors as the Everglades National Park in southern Florida (USA), where the Burmese python has become established, ecological and physiological research on the Kinmen population has potential value for comparative studies of habitat selection and niche modeling. Research on this new population could facilitate development of management plans for the Kinmen Island population and possibly help with managing the invasive population in the Florida Everglades.
Background
Buffer zones, separating countries or territorial entities, are sometimes established to reduce military conflicts between different nationalistic, political, or ideological groups. Although prior military actions may have resulted in the local extinction of flora and fauna, these areas can become refugia for wildlife after the establishment of corridors (Kim 1997; Draulans and Krunkelsven 2002; McNeely 2003) . The most famous example of such a region is the demilitarized zone (DMZ) along the 38°N parallel line of the Korean Peninsula, which has separated North and South Korea for 60 years (Kim 1997; McNeely 2003) . In spite of heavy military deployment along this region, the DMZ provides a sanctuary for many rare wild animals and plants (Higuchi et al. 1996; Kim 1997 ). Similar cases were described in Vietnam (Dillon and Wikramanayake 1997) , Guinea (Fairhead and Leach 1995) , and several eastern European countries (McNeely 2003) . These examples indicate that neglected landscapes created by human conflicts may provide suitable habitats for wildlife by limiting human access and population densities (Dudley et al. 2002; McNeely 2003) .
Kinmen, comprising Kinmen (134.3 km 2 ) and Lesser Kinmen (14.9 km 2 ) Islands, is located roughly 2 km from the southeastern coastline of China ( Figure 1A ). After World War II, civil war in China led to the separation of China and Taiwan. Kinmen is one of the few islands located close to the Chinese coastline but under the military control of Taiwan. In Aug. 1958, the fierce 'Bombardment of Kinmen' began, which destroyed almost all of the buildings and vegetation on the two islands. Less-intense bombardments between the two sides (occurring once every 2 days) lasted for 21 years until 1979, when both sides backed off of this prolonged and exhausting confrontation. To defend the island against the Chinese army, approximately 100,000 Taiwanese soldiers were stationed on Kinmen during the Cold War, leading to an extremely high human population density on these islands. For shelter from artillery bombardments, most military facilities were built in underground tunnels. During this period, human activities associated with military operations destroyed most of the wildlife on the island. However, political tensions between Taiwan and China relaxed after the Cold War. During the past two decades, the Taiwanese government gradually withdrew 95% of its military force from the islands. Since 2001, the Chinese and Taiwanese governments have agreed to use this island as a trade and transportation center, and now, fewer than 5,000 soldiers are housed on the island. Except for the main cities and harbor regions, most of the island is only partially developed, with large areas now abandoned by the military.
These disused areas have become refugia for wildlife on the southeastern coast of China, where most regions are densely populated and highly developed. In this paper, we report the first formal records of the Burmese python (Python molurus bivittatus, Figure 2A ) from Kinmen. This species is among the largest python species in the world and is listed under Category II in CITES. With its rareness, potential financial value, risk of poaching, and ongoing population decline, this snake is also listed as a Class I protected species in China (Zhao 1998; Zhao et al. 1998) . The python once occurred on the islands in the early twentieth century, when the natural environment was less damaged (Hu 1976) . However, those records were neglected by biologists until 2009, when Shiang et al. (2009) first included this python in their handbook based on a news report from 1950. Until that time, scientists had not formally recognized that this snake lived on these islands.
Rediscovery of pythons on the islands began in 2003, when reported by local newspapers (Kinmen Daily News, 16 June 2003) . Since then, farmers and villagers have increasingly reported python sightings. Most of the snakes were captured because of their predation at chicken, duck, or lamb farms (You et al. 2011) . By the winter of 2009, so many pythons had been captured that this species was becoming a nuisance to local farmers, who were experiencing financial losses due to predation of livestock by the snakes. Numerous complaints to the county and Taiwanese central governments were filed, and the authorities were encouraged to provide funding for scientific research on the pythons.
One of the most controversial issues is the origin of these pythons, because local residents cannot recall seeing such large snakes in the last half century. As a trade center between Taiwan and China, this region is notorious as a route for the illegal wildlife trade, including large numbers of yellow-margined box turtles (Cuora flavomarginata) and other herpetofauna for the pet trade (Chen and Lue 2010) . Considering that pythons have rapidly invaded the state of Florida in the US, local people soon concluded that the presence of pythons was the result of introductions by pet traders. This hypothesis was strongly supported by field workers, including experienced birdwatchers, wildlife photographers, filmmakers, and ecologists (primarily mammalogists, ornithologists, and invertebrate zoologists from several different laboratories) who have spent decades investigating wildlife on the islands but had never seen or heard of a python (S.-M. Lin, personal interviews). Most of the snakes captured during these years were delivered to the Agriculture Bureau and died after being maintained under inappropriate conditions. With this type of situation, the source of these pythons (i.e., invasive or native) should be clarified in a scientific manner. In order to identify the origin of the pythons in Kinmen, comparison of specimens from both natural and commercial populations is crucial. According to our understanding, most of the pythons sold in Taiwanese pet stores are imported from commercial snake farms in Vietnam. In this study, we compared mitochondrial sequences of snakes from Kinmen to those obtained from pet traders and the Fuzhou Zoo, respectively, representing potentially invasive and native populations. The major aims of this paper were to (1) formally document the occurrence of P. m. bivittatus in Kinmen; (2) clarify the origin(s) of this population; (3) reveal how the military presence influenced the demographic composition of these pythons; and (4) briefly discuss the research and conservation value of this population, as well as highlight its current crisis.
Methods

Morphological characteristics of Kinmen pythons
Twenty-two P. m. bivittatus from Kinmen, consisting of 7 males, 12 females, and 3 neonates, were included in the morphological measurement analysis. In order to reduce stress to the snakes and the risk of injury to investigators, the snakes were put under narcosis using a gas anesthesia system during this process. Eighteen characters were obtained from each individual, including 7 measurements (of length or weight) and 11 meristic characters (in numbers). The seven measurements were body weight (W), taken with a digital scale to the nearest 0.1 kg; total length (TL), snout-vent length (SVL), and tail length (TAL) taken with a measuring tape to the nearest 0.1 cm; and head length (HL), head width (HW), and head height (HH) measured using digital calipers to the nearest 0.1 mm. The 11 meristic characters included the number of dorsal scale rows (taken from the anterior one fourth, one half, and three fourth of the body), ventral scales, and numbers of subcaudal, supralabial, infralabial, supraocular, preocular, subocular, and postocular scales. Bilateral characters were taken from both sides. All mature snakes were given a nickname to identify them (Tables 1 and 2) , marked with either a PIT tag or a radio transmitter, and released back into the wild. These procedures were carried out at the Taipei Zoo with the assistance of a licensed veterinarian (Y.-H. Lai). TL total length, W weight, SVL snout-vent length, TAL tail length, HL head length, HW head width, HH head height.
Molecular techniques and phylogenetics
Tissue samples from ventral scales were collected from a total of 33 P. m. bivittatus and were preserved in 95% ethanol. This collection included 26 snakes from Kinmen (including PM031, a snake collected by a fisherman in the ocean off the coastline), two from Fuzhou, China representing a typical Chinese population, and five from Vietnam representing a commercial population from pet traders. Total genomic DNA was isolated using the Qiagen DNeasy Blood & Tissue Kit (Qiagen Inc., Crawley, UK). DNA was suspended in 1× TE buffer and stored at −20°C.
The complete mitochondrial cytochrome (Cyt) b gene (1111 bp) and the anterior 5' region of the Cyt c oxidase subunit I (COI, 1518 bp) were amplified by polymerase chain reactions (PCRs). Two sets of primers were designed from the consensus sequence of several serpent mitochondrial genomes (Dong and Kumazawa 2005) : PCBL 5′-TTTCTGCCAGGRTTYTAACCTAGACC-3′ and PCBH 5′-CCCAKCTTTGGTTTACAAGAACA-3′ for Cyt b, and PCOF: 5′-CCCTTATGAGTAGATTTA CAGCCTA-3′ and PCOR: 5'-GGATTGGGGCGTACA TATTGTTTAGT-3' for COI. PCRs were conducted in a 20-μl reaction volume containing 1× PCR buffer (10 mM Tris-HCl at pH 9.0, 50 mM KCl, 0.01% (w/v) gelatin, and 0.1% Triton X-100), 0.8 U Taq DNA polymerase (Amersham Biosciences, Piscataway, NJ, USA), 0.2 μM of each primer, 0.5 mM dNTP, and 50 ng template DNA. The PCR conditions were denaturated at 94°C for 3 min, followed by 35 cycles at 94°C for 30 s, 54°C for 40 s, and 72°C for 90 s, with a final extension at 72°C for 10 min using an iCycler Thermal Cycler (Bio-Rad, Hercules, CA, USA). PCR products were purified with a PCR Product Pre-Sequencing Kit (USB, Cleveland, Ohio, USA) and subsequently used as the template for direct DNA sequencing reactions with a DYEnamic ET Dye Terminator Cycle Sequencing Kit (Amersham Pharmacia Biotech, Piscataway, NJ, USA). The same primers used for the PCR were used for the sequencing reactions. Sequencing products were run on a MegaBACE 1000 automated DNA sequencer (Amersham Biosciences). Sequences were determined in both directions, and the original signals were proofread using SEQUENCHER software vers. 4.9 (Gene Codes, Ann Arbor, MI, USA). The sequences obtained were compared to those of other snakes to ensure the accuracy of the PCR amplifications. The confirmed sequences were submitted to GenBank (JX401131-63 for Cyt b and JX401098-130 for COI).
Haplotype genealogy of the pythons was represented by networks of Cyt b (1111 bp) and COI (1518 bp) genes constructed using TCS (Clement et al. 2000) . The two genes were combined to form a concatenated dataset used in phylogenetic tree construction. A maximumlikelihood (ML) tree was constructed using PAUP* 4.0 (Swofford 1998) with parameters set to the HKY model with a gamma distribution (HKY+G) according to the Akaike information criterion test implemented in jModeltest (Posada 2008) . Statistical support of each node was determined using (1) 1,000 ML bootstraps conducted using Phyml (Guindon et al. 2010) ; (2) 10 4 maximum-parsimony (MP) bootstraps conducted using PAUP (Swofford 1998) ; and (3) Bayesian posterior probabilities carried out using MrBayes 3.0 (Huelsenbeck and Ronquist 2001) .
Occurrence trends of pythons in Kinmen
Very large snakes appearing on a small island cause considerable public interest, making these events favorites for news reporters. Without available scientific records, the local newspaper was our only way to trace fluctuations in python numbers. We screened old newspapers stored in the Kinmen library (dating back to the midtwentieth century) for python records and searched for newer records (after 2000) online. Python localities were located as precisely as possible on a map, based on descriptions in the newspaper articles. Data on changes in the size of military forces on Kinmen Island were available from http://army.mnd.gov.tw/kinman/kdc.htm.
Results
Morphological characteristics of Kinmen pythons
In 2009 to 2012, 22 snakes were measured while under narcosis. The maximum length was 358 cm and the maximum weight was 21.6 kg, both of which were females (Table 1) . Females seemed to grow larger in this population because only one of the six snakes exceeding 3 m was a male. The dorsal scales were smooth, averaging 55.9 ± 2.4, 67.9 ± 2.6, and 41.5 ± 2.5 in rows at the one fourth, one half, and three fourth positions of the body, respectively. Ventral scales averaged 257.3 ± 2.7 and ranged from 254 to 264, while subcaudal scales averaged 62.0 ± 2.6 pairs and ranged from 55 to 66 pairs.
Supralabial scales averaged 11.3 ± 0.9 and ranged from 9 to 13, and infralabial scales averaged 19.4 ± 1.0 and ranged from 16 to 21. Numbers of supraocular, preocular, subocular, and postocular scales were 1, 2, 1, and 3, respectively, with very few individuals showing differences on either side of the body (Table 2) . None of these measurements differs from records of the population in China (Zhao 1998; Zhao et al. 1998) .
The ratio of TAL/TL ranged from 10.2% to 14.0%. The model using sex as a factor with TL as the covariance explained the variance in the TAL/TL ratio (analysis of covariance (ANCOVA), F 2,16 = 5.8927, p = 0.0121), and the TAL/TL value decreased as TL increased (F 1,16 = 8.4232, p = 0.0104). However, the sex effect was insignificant (F 1,16 = 1.2621, p = 0.2778). A similar situation occurred for the HL/TL ratio (ANCOVA, F 2,16 = 3.3184, p = 0.0623), with no sex difference (F 1,16 = 0.9350, p = 0.3480) but was negatively correlated to TL (F 1,16 = 6.4793, p = 0.0216). This means that males and females did not differ in TL or HL, but larger snakes had comparatively shorter tails and smaller heads. Neither value proportionally increased as snakes increased in body size.
Origin of the recolonized population
Sequencing of the mitochondrial Cyt b and COI genes, respectively, yielded four and six haplotypes. ML, MP, and Bayesian analyses of mitochondrial sequences produced identical tree topologies ( Figure 3A) , showing the existence of two clades with a mean between-group divergence of 0.0063 (p-distance). Monophyly of the Kinmen and Fuzhou specimens was strongly supported by bootstrap values and Bayesian posterior probabilities. Similar results were revealed in haplotype networks of the Cyt b ( Figure 3B ) and COI genes ( Figure 3C ), showing a close relationship between Kinmen and Fuzhou haplotypes, with a shared haplotype in the Cyt b gene. These lines of evidence indicated that snakes appearing in Kinmen were more likely to be native rather than having originated from an invasive population exported from Southeast Asia.
Demographic trends of pythons in Kinmen
During the 1950s and 1960s, pythons were occasionally found, with four and two records from Kinmen Island and Lesser Kinmen Island, respectively ( Figures 1B and 4) . Figure 1D ). Since 2011, the fire brigade was recommended that snakes immediately be released in nearby fields. At roughly the same time, the public media stopped reporting on these large snakes because they had become such common occurrences. These events made it difficult to obtain precise estimates after this period. With three neonates found since autumn 2010, P. m. bivittatus is believed to have established breeding populations on both Kinmen Island and Lesser Kinmen Island.
In contrast to snake numbers, military forces in this region have dramatically decreased over the last few decades (Figure 4) . In 1987, the Taiwanese government withdrew roughly one half of the original military force, decreasing from 100,000 to 55,000 soldiers. From 1997 to 2000, numbers were further reduced to 25,000. Since 2001, the Chinese and Taiwanese governments have agreed to use Kinmen Island as a trade and transportation center and thus gradually decreased the number of soldiers to the current 5,000 people.
Discussion
Pythons have reestablished their populations
Molecular evidence indicated that the P. m. bivittatus population in Kinmen is more closely related to the geographically nearby Chinese population than to the commercial population of the pet trade, comprised mostly of animals imported from Vietnam. This result rejects the explanation that the pet trade in this species led to the establishment of P. m. bivittatus on the islands. In addition to this direct evidence, other indirect evidence includes (1) wild-type P. m. bivittatus is no longer as a popular pet in the wildlife trade because they are gradually replaced by those more valuable mutant forms from captive breeding populations; (2) because most snake farms are located in Southeast Asia, it is uneconomical to smuggle this species between China and Taiwan; (3) there are no pet stores or professional reptile keepers on the islands; and (4) unlike those Southeast Asian populations, the snakes seemed to have adapted well for the much cooler winter climate in Kinmen.
The most probable route for P. m. bivittatus recolonization of the Kinmen islands is by way of oversea dispersal. Located near the river mouth of the Jiulong River, Kinmen Island often receives large floating garbage mats that wash up along the shore after heavy floods. After a typhoon in Aug. 2011, a fisherman found an adult female (PM031) floating a short distance off the Kinmen coastline. This record suggests that pythons could disperse this distance, especially if aided by heavy floods and floating debris. This possibility is supported by recent experiments demonstrating that pythons can readily survive in saline conditions even when fresh water is unavailable ). An alternative possibility is that P. m. bivittatus was never completely extirpated from the islands, which is better preferred by some other herpetologists (M. E. Dorcas, personal communication). Pythons are secretive and cryptic, and tend to have very low individual detection probabilities. Although populations were depressed by over-harvesting during the military period, a small breeding population may have survived undetected.
Python increases were associated with the withdrawal of military forces
The first record of P. m. bivittatus on Kinmen can be traced back to the 1940s, when General Hu Lien, the commander of the Kinmen armed forces between 1949 and 1958, described the snake-eating culture of his soldiers. In his book Memories of Kinmen (Hu 1976) , pythons were reported to grow 4 to 6 m long, weigh 30 to 50 kg, and have a diameter at mid-body of over 35 cm. Interestingly, this statement was neglected by earlier herpetologists, who may have mistaken this description as an over-exaggeration of large Elaphe species. The custom in the army of eating pythons was thought to 'increase the power of the soldiers.' Subsequently, overharvesting of these huge snakes is thought to have caused a demographic explosion of rodent populations, which caused serious agricultural damage. Overpopulation by destructive rodents was out of control until General Hu Lien ordered his troops to stop killing pythons (Hu 1976 As the army gradually left the island, the natural environment systematically recovered. The python is not the only species that has benefited from the army's withdrawal. Recently, mammalogists discovered a dense population of Eurasian otter (Lutra lutra) on the island, which is extremely rare in the neighboring region and has been extirpated in Taiwan (Hung et al. 2004 ). Chen and Lue (2010) discovered stable populations of the Chinese pond turtle (Chinemys reevesii), which was also extirpated in Taiwan. The large Kinmen wetland now sustains one of the largest wintering populations of Great Cormorants (Phalacrocorax carbo) in East Asia (Chang et al. 2008) . A number of studies have documented population stability in the Blue-tailed bee-eater (Merops philippinus), which nests in artificial sand banks abandoned by the military (Yuan et al. 2006; Wang et al. 2009 ). The habitat of the horseshoe crab (Tachypleus tridentatus) on the mudflats is preserved in Kinmen, because the local people avoid the coastline due to fears of unexploded land mines (Chen et al. 2004) .
The main reason for the increase in pythons on Kinmen in recent years appears to be the sudden increase in suitable habitats. Large forested areas, open grasslands, abandoned camps, and tunnels all provide suitable habitats for pythons. Most local villagers do not enter these areas because of the possibility of stepping on unexploded land mines. Radio-tracking also revealed that pythons consistently use old underground tunnels as overwintering shelters (Chou et al., unpublished data; Figure 2B ). The increase in pythons is also likely related to increases in available prey. For example, in the early 2000s, typhoons destroyed several local bird farms and caused the escape of Korean ring-necked pheasants (Phasianus colchicus karpowi) and Indian peacocks (Pavo cristatus). Soon after this event, these two non-native birds established populations and now occupy all habitat types throughout the island (Hung et al. 2009 ). The sudden availability of these large, terrestrial birds may also have provided a rich food source for the pythons (Dove et al. 2011 ).
Research, conservation, and threats to the pythons
The python population on Kinmen provides a valuable opportunity to study their ecology, including habitat selection, home range size, and physiological ecology in a native habitat. In recent years, the exotic population of this python in southern Florida (US) has become the focus of biological invasion research (Engeman et al. 2011) . Current debates are evaluating the potential for pythons to spread further northward into the southern US (Pyron et al. 2008; Rodda et al. 2009; Avery et al. 2010; Barker and Barker 2010; Dorcas et al. 2011; Rodda et al. 2011) . Some of the arguments have originated due to difficulties with the accuracy of large-scale ecological niche modeling because there have been few physiological and ecological studies on pythons in their native geographical ranges. Under this situation, ecological and physiological information from a native python population has become extremely important.
The latitude of Kinmen Island (24°23′ to 24°31′N) is similar to that of Everglades National Park in Florida (24°50′ to 25°55′N), and these areas have similar average temperatures and precipitation. However, adaptations to cool-temperature environments, as well as the unique behavior of using abandoned underground military tunnels ( Figure 2B ), might have facilitated their survival in Kinmen. Since 2010, research concerning their home range, habitat use, and thermal biology has been conducted on this population. Our ongoing research with implantation of temperature data loggers could be compared to similar research of the Florida Everglades population ). Such comparisons may provide an opportunity for more-detailed mechanistic niche modeling of habitat selection, thus facilitating the development of management plans for both the native population in Kinmen and the invasive population in the Florida Everglades.
Unlike most DMZ cases in the world, however, pythons in Kinmen are still facing increasing pressure from tourism and habitat destruction. In order to attract curious tourists, more and more abandoned tunnels, which once served as shelter for the pythons to survive cold temperatures in winters, are now being turned into scenic spots. Tourists also bring heavy traffic to the island, which is a potential threat to this slow-moving reptile. Mulan, a young male released in Aug. 2011 (Table 1) , was found to have been killed on a road several months after release. Snake-eating culture still exists in some of the armies and fire brigades. A male snake, Timon, was captured by soldiers in November 2011 during radio-tracking but was luckily rescued by the researcher (S.-P. Chou) who traced the signal to the military camp. Unfortunately, the second largest female, PM021 (Minnie Mouse), was killed and eaten by local people in 2012 during our radio-tracking research. The same tragedy repeated once again on PM021 (Pocahontas) in the spring of 2013. The increasing python population on Kinmen has also caused a conflict between scientists and local villagers, whose farm animals and pets may be at risk of becoming python prey. One snake among those recently released was captured again by a local farmer and is now kept as a pet in his farm with no lawful solution. The frequent bad news from these released pythons indicated that the demographic size of this population might be much smaller than our previous speculation. Since Aug. 2012, the research team has faced a shortage of financial support and had no choice but to stop tracking snakes which already have implanted radio transmitters.
